Binge eating disorder and alcohol use disorder (AUD) frequently co-occur in the presence of other psychiatric conditions. Data suggest that binge eating engages similar behavioral and neurochemical processes common to AUD, which might contribute to the etiology or maintenance of alcoholism. However, it is unclear how binge feeding behavior and alcohol intake interact to promote initiation or maintenance of AUD. We investigated the impact of binge-like feeding on alcohol intake and anxiety-like behavior in male Long Evans rats. Rats received chow (controls) or extended intermittent access (24 h twice a week; Int-HFD) to a nutritionally complete high-fat diet for six weeks. Standard rodent chow was available ad-libitum to all groups and food intake was measured. Following HFD exposure, 20.0% ethanol, 2.0% sucrose intake and endocrine peptide levels were evaluated. Anxiety-like behavior was measured using a light-dark (LD) box apparatus. Rats in the Int-HFD group displayed a binge-like pattern of feeding (alternations between caloric overconsumption and voluntary caloric restriction). Surprisingly, alcohol intake was significantly attenuated in the Int-HFD group whereas sugar consumption was unaffected. Plasma acyl-ghrelin levels were significantly elevated in the Int-HFD group, whereas glucagon-like peptide-1 levels did not change. Moreover, rats in the Int-HFD group spent more time in the light side of the LD box compared to controls, indicating that binge-like feeding induced anxiolytic effects. Collectively, these data suggest that intermittent access to HFD attenuates alcohol intake through reducing anxiety-like behavior, a process potentially controlled by elevated plasma ghrelin levels.
Introduction
Alcohol use disorder (AUD) poses substantial fiscal, physical and mental health risks in the US (Bouchery et al., 2011; Grant et al., 2004) . Importantly, AUD and disordered eating frequently co-occur in the presence of other psychiatric disorders (Bulik et al., 2004; Dunn et al., 2002) . Specific to this topic is the observation that a significant proportion of the college-aged population engages in episodes of binge drinking and binge eating (Ferriter and Ray, 2011; Kelly-Weeder, 2011) . Importantly, binge feeding behavior is further associated with emotional distress, obesity and metabolic risks (Gearhardt et al., 2014; Sonneville et al., 2013) . Thus, these frequently co-occurring problems suggest greater psychiatric disturbance and medical risk (Catterson et al., 1997; Harrell et al., 2009; Johnston et al., 2005) for patients with AUD.
Binge eating, characterized by eating a large amount of food in a short period of time, as well as a sense of lack of control over food intake, is the most common behavioral manifestation present in a variety of eating disorders (Attia et al., 2013; Kessler et al., 2013) . Data suggest that individuals who engage in binge eating behavior develop AUD, overweight/obesity, and worsening depressive symptoms over the course of time (Franko et al., 2005; Sonneville et al., 2013) . Highly palatable foods, rich in sugar and fat, are the typically preferred foods consumed during binge episodes in humans and laboratory animals, and it is hypothesized that hedonic-based feeding (i.e., feeding in the absence of caloric need) regulates this phenomenon (Cottone et al., 2008; Yeomans et al., 2004) . This is based on observations that like drugs of abuse, both sweet and fatty foods are capable of activating brain reward circuitry (Tomasi and Volkow, 2013; Volkow et al., 2012) . In this context, feeding peptides that control appetite and energy metabolism also regulate the intake and reinforcing properties of alcohol (Vadnie et al., 2014) . These feeding peptides are released during anticipation of scheduled meals, ingestion and storage of calories, calorie restriction and learned responses that facilitate approach behavior to food (Drazen et al., 2006; Kanoski et al., 2013; Vahl et al., 2010) . Thus, any or all of these variables could mediate feeding-induced changes in Pharmacology, Biochemistry and Behavior 153 (2017) [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] alcohol intake. Both human and animal studies suggest a bidirectional positive relation between alcohol intake and consumption of sugar or fat (Avena et al., 2004; Carrillo et al., 2004; Herbeth et al., 1988; Mitchell et al., 1985) . However, it is unclear how binge feeding behavior impacts alcohol consumption.
Based on DSM criteria, various rodent models of binge eating have emerged (Corwin and Babbs, 2012; Wolfe et al., 2009) . Although, it is challenging to mimic all aspects of human binge eating episodes in rodent models, it has been suggested that modeling time-limited access to palatable food that induces repeated hyperphagic events could be helpful to study binge eating behavior (Perello et al., 2014) . This is only possible if a palatable diet is provided in an intermittent fashion (Avena et al., 2009; Corwin and Babbs, 2012; Davis et al., 2007; Tong and D'Alessio, 2011) . Utilizing this limited access (2 h) paradigm, we have recently shown that binge-like intake of high fat diet (HFD) induced anxiolytic effects and attenuated alcohol consumption in non-dependent rats (Sirohi et al., 2016) . This finding could be explained by the length and exposure history of a calorie-rich food, which has fundamentally different behavioral outcomes (Krishna et al., 2016; Tracy et al., 2015) or changes in the feeding peptides, which control behavioral constructs such as motivation and anxiety that also contribute to excess alcohol intake (Barson and Leibowitz, 2016; Morganstern et al., 2011) . Therefore, in the present study, we hypothesized that extended intermittent access to HFD would lead to increased alcohol consumption in non-dependent rodents. To do this, we investigated the impact of extended (24 h) intermittent access to HFD on alcohol intake, plasma levels of feeding peptides and anxiety-like behavior in rats.
Material and methods

Animals
Male Long-Evans rats (Harlan, IN) were housed in an environmentally controlled vivarium on a reverse light cycle (lights off at 7 a.m.) with food and water available ad libitum in standard shoebox cages. All work adhered to the National Research Council's Guide for the Care and Use of Laboratory and Institutional Animal Care and Use Committee guidelines at Washington State University, WA.
Diets
All rats were maintained on chow (Teklad, 3.41 kcal/g, 0.51 kcal/g from fat) throughout. Rats in the experimental group received intermittent access to HFD (Research Diets, New Brunswick, NJ, 4.41 kcal/g, 1.71 kcal/g from fat). Dietary composition of standard rodent chow and HFD has been described previously (Davis et al., 2007) .
General procedure
Rats (n = 5-6/group) matched for body weight and food intake received chow (controls) or intermittent access (24 h, every Tuesday and Thursday, only) to HFD (Int-HFD) for six weeks (Fig. 1A) . Following six weeks of intermittent cycling on HFD, all rats underwent a series of tests while still maintained on the intermittent HFD schedule, as outlined in the ( Fig. 1B and C) . Standard rodent chow was available to all groups at all times. Food intake was measured daily, unless otherwise noted. First, we evaluated alcohol intake on the following days (Mon, Wed and Fri) of HFD exposure on 6 separate occasions. In order to examine if this could be due to decrease in overall caloric need following HFD intake, 2.0% sucrose consumption was examined next in the same groups under identical conditions over two separate days. HFD, alcohol and sucrose were introduced in the rat cages at the onset of dark cycle and represent a measurement over a period of 24 h, unless noted otherwise. Next, we examined anxiety-like behavior, a behavioral evaluation that required one day. To determine if the observed attenuation of alcohol drinking was a result of altered alcohol metabolism or changes in feeding peptides, both groups of rats received a final alcohol drinking session, that occurred after all other tests. Since, we observed differences in intake specifically 4-12 h after alcohol intake had ensued, rats were allowed to drink alcohol and 11 h later tail blood samples were collected at three time points, 15 min apart, to measure blood alcohol, ghrelin, and GLP-1 levels. Body weight was recorded every fourth day, except on alcohol and sucrose drinking days when rats were weighed daily.
Alcohol and sucrose intake
On testing days, rats were provided with an unsweetened alcohol solution (20% v/v) using a two-bottle choice paradigm (Simms et al., 2008) . The position of alcohol and water bottles were alternated between sessions to account for conditioning effects on alcohol intake. Bottles were weighed, gently placed in the cages and re-weighed manually following each session to evaluate alcohol intake (g/kg). In addition, we also evaluated alcohol consumption by manually weighing bottles at multiple time points during one separate alcohol drinking session. Therefore, data represent six separate alcohol drinking sessions, where 24 h alcohol intake was measured in the first five sessions and one separate session evaluated alcohol consumption at multiple time points. Sucrose preference was also examined under identical conditions. To do this, all rats were exposed to a 2% sucrose solution using the same two-bottle choice paradigm.
Anxiety-like behavior
Anxiety-like behavior was measured using a light dark box apparatus, which occurred 12 days following sucrose drinking days, while rats were still on intermittent HFD cycling. Rats in each group were gently introduced in the light side (600 lx) facing dark side (4 lx) of the box and allowed to freely explore between compartments for 10 min. The total number of entries and time spent in the light side were counted by two independent investigators.
Blood alcohol levels & analysis of feeding peptides
Blood alcohol levels were determined from tail blood samples and analyzed using Analox microstat GL5 (Analox Instruments Ltd., Lunenberg, MA). Plasma levels of acyl-ghrelin and glucagon-like peptide-1 (GLP-1) were detected using a MILLIPLEX MAP Rat Metabolic Hormone Magnetic Bead Panel -Metabolism Multiplex Assay kit (RMHMAG-84K, EMD Millipore Corporation). Blood samples (0.2 ml) were collected in tubes containing EDTA, dipeptidyl peptidase 4 (DPP-4) inhibitor and Pefabloc (an irreversible serine protease inhibitor) at concentration 1.86 mg/ml, 18.8 μg/ml and 1.0 mg/ml of blood, respectively, on ice. All samples were centrifuged at 21000g for 20 min and plasma was transferred into a separate tube on ice and stored at − 20°C until further analysis. On the day of analysis, samples were thawed on ice and assayed in duplicates according to the kit manufacturer's instructions.
Body composition analysis
Body composition analysis (total, lean and fat body mass) was measured using a Bruker Minispec LF110 NMR Body Composition Rat Analyzer (Bruker Biospin, Rheinstetten, Germany).
Gene expression analysis
Following completion of the study, rats were sacrificed and total RNA was isolated from ventral striatum using Qiagen RNeasy Micro Kit (Qiagen, CA) and quantified using a Nano drop 2000c spectrophotometer. Complementary DNA (cDNA) was revere transcribed using High Capacity cDNA Reverse Transcription Kit with RNase Inhibitor (Applied Biosystems, CA). The template cDNA was mixed with Fast SYBR® Green Master Mix (Applied Biosystems, CA) and assayed in triplicates on a 96-well plate with appropriate negative controls to detect contamination. The mRNA expression was normalized to the expression levels of the housekeeping gene rn45s. We evaluated ghrelin receptor (GHSR) gene expression using ViiA 7 real-time PCR (qPCR) system (Life Technologies Corporation, NY). The primers (IDT, San Diego, CA, USA) used were as follows: rn45s, left-GTGGAGCGATTTGTCTG GTT and right-CGCTGAGCCAGTTCAGTGTA; GHSR, left-GCAACCTGCTCACTATGCTG and right-CAGCTCTCGCTGACAAACTG. All qPCR runs included a melt curve analysis to ensure the specificity of the primers. Relative quantification of the amount of target transcript was done using 2 ΔCt method.
Statistical analysis
Food intake, alcohol consumption, body weight during alcohol drinking session, water intake, total fluid intake, sucrose intake and feeding peptide profiles were analyzed by mixed-model two-way ANOVA, with post-hoc tests. The within-subject variable was time intervals (time of measurements) and the between-groups variable was exposure (chow or HFD). A student t-test compared body weight, body composition, light and dark box data, blood alcohol level and qPCR data. Statistical comparisons were conducted at 0.05 α level with power N 0.8 (β = 0.2).
Results
Intermittent access to HFD induced a binge/compensate pattern of feeding
There were no differences in body weight or body fat composition between chow or Int-HFD rats following intermittent feeding protocol ( Fig. 1D and E). Rats receiving intermittent access to HFD displayed a pattern of caloric overconsumption followed by voluntary caloric restriction ( Fig. 2A) . A mixed-model ANOVA identified a main effect of time (F 1.566, 14.092 = 156.778, p b 0.000) and a significant time and diet interaction (F 1.566, 14.092 = 146.147, p b 0.000) ( Fig. 2A) . We also compared mean food intake on HFD access days to chow days and a mixed-model ANOVA further revealed a main effect of time (F 1.0, 9.0 = 205.91, p b 0.000), a significant time and diet interaction (F 1.0, 9.0 = 188.763, p b 0.000) and a significant between group effect (F 1.0, 9.0 = 32.45, p b 0.000), suggesting a significant increase in total caloric intake in rats on HFD access days and a compensatory under consumption from chow on the following day (Fig. 2B ). To further characterize our intermittent access model, we determined that hyperphagia from HFD occurred within a discrete time frame (2 h). To evaluate this, we analyzed food intake on HFD access days at various time intervals. A mixed-model ANOVA further revealed a main effect of time (F 1.786, 16 .07 = 15.522, p b 0.000) and a significant between group effect (F 1.0, 9.0 = 23.378, p b 0.01) (Fig. 2C) . A mixed-model ANOVA further evaluated food intake following HFD access day and identified a main Fig. 1 . Schematic description of the intermittent access to a nutritionally complete high-fat diet paradigm and body weight and fat changes following experimental testing procedure. A) Rats (n = 5-6/group) matched for body weight and food intake received intermittent access (24 h every Tuesday and Thursday) to a nutritionally complete high-fat diet (HFD) for six weeks. Following six weeks of intermittent cycling on HFD, all rats underwent a series of tests while still maintained on the intermittent HFD schedule (Panel B). Normal chow was available to all groups at all times. Food intake was measured daily, unless otherwise noted. C) A time line of the present study, which also depicts a series of testing that occurred following six weeks of intermittent cycling of HFD. No changes in D) body weight or E) body fat content were observed. effect of time (F 3.0, 27 = 59.964, p b 0.000) and a significant between group effect (F 1.0, 9.0 = 28.532, p b 0.000) (Fig. 2D) . HFD intake was significantly higher (p b 0.05) following the first 2 h of HFD access and a significant (p b 0.05) under consumption of chow was observed 12-24 h following HFD access (Fig. 2C, D) . In addition, the voluntary caloric restriction from chow persisted for two days after HFD exposure then returned to control levels ( Fig. 2A) .
Intermittent HFD exposure attenuates alcohol consumption
A mixed-model ANOVA revealed a main effect of time (F 4, 40 = 3.918, p = 0.009) and HFD exposure (F 1, 10 = 14.455, p = 0.003) (Fig. 3A) . We also compared mean alcohol consumption across all testing days. In this case, a univariate ANOVA revealed a main effect (F 1, 10 = 14.04, p = 0.004) of HFD exposure on alcohol consumption (Fig. 3C) . Importantly, a mixed-model ANOVA did not find between group body weight differences during alcohol drinking sessions, suggesting that body weights (mean ± sem) were not significantly different between chow (454.27 ± 10.22) and Int-HFD (462.94 ± 9.33) group of rats. We further compared alcohol intake data immediately and 72 h following HFD exposure. A mixed-model ANOVA identified a main effect of time (F 1.0,9.0 = 15.142, p b 0.01) and a significant between group effect (F 1.0, 9.0 = 12.325, p b 0.01), suggesting that the attenuation of alcohol intake was intact even when tested 72 h (Monday) after HFD exposure and was not different from the effects observed when testing occurred immediately after HFD exposure (Fig. 3D) . Alcohol intake was also assessed at various time point following the presentation of alcohol using a mixed-model ANOVA, which revealed a main effect of time (F 1.62, 14 .58 = 9.499, p b 0.01) and a very strong trend towards significant between group effect (F 1.0, 9.0 = 4.261 p = 0.069). Notably, a significant (t (9) = 2.642, p b 0.05) attenuation of alcohol intake occurred between 4 and 12 h following alcohol exposure (Fig. 3E) . We also analyzed water intake, total fluid (water + alcohol) intake, and alcohol/water ratio during all alcohol drinking days. While there were no statistical significant differences in water and total fluid intakes between groups ( Fig. 3F and  G) , a mixed-model ANOVA identified a significant between group effect (F 1.0, 9.0 = 7.479, p b 0.05) for alcohol/water ratio data, suggesting attenuated preference for alcohol in the Int-HFD access group (Fig. 3H) .
Impact of alcohol exposure on patterned feeding
Intermittent access to HFD induced an over consumption and under consumption pattern of feeding. We compared this pattern before and during alcohol exposure and found that alcohol exposure did not alter this feeding pattern ( Fig. 4A and B) . We further analyzed between group average energy intakes on HFD and chow access days before and during alcohol exposure using a mixed-model ANOVA and identified a main effect of alcohol exposure (F 1.0, 9.0 = 21.997, p b 0.01) and a significant between group effect (F 1.0, 9.0 = 61.434, p b 0.000) on HFD access days (Fig. 4C) . On the days, when rats had chow access only, a significant between group effect (F 1.0, 9.0 = 33.316, p b 0.000) was identified (Fig. 4D ). Total energy intake in both chow and Int-HFD access groups was significantly reduced on HFD access days, an effect not evident on chow days.
Intermittent HFD exposure does not alter alcohol metabolism
As demonstrated previously (Fig. 3E) , alcohol consumption was significantly (t (10) = 4.329, p b 0.01) attenuated in the Int-HFD group compared to chow controls. Under these conditions, no changes in blood alcohol levels were detected between groups (Fig. 5B) .
Intermittent access to HFD does not impact sucrose intake
A mixed-model ANOVA indicated no significant differences in sugar, water or total fluid intakes between chow and Int-HFD rats (Fig. 6A-C) . Ratio of sucrose/water was also not significantly different between groups (Fig. 6D). 3.6. Intermittent access to HFD altered feeding peptides A mixed-model ANOVA identified a main effect of time on GLP-1 levels, however there were no differences in the plasma GLP-1 levels between groups under these conditions (Fig. 7A) . A mixed-model ANOVA revealed a main effect of HFD exposure (F 1, 10 = 6.724, p = 0.025) on acyl-ghrelin levels, indicating that acyl-ghrelin concentration was significantly elevated in the Int-HFD access group (Fig. 7B) .
Impact of intermittent access to a HFD on central GHSRs Gene expression
No significant changes in the GHSR gene expression were observed in the ventral striatum of Int-HFD rats relative to chow controls (Fig. 8) .
Intermittent access to a HFD induced anxiolytic-like effects
Rats in the Int-HFD group spent significantly (t (10) = 3.132, p b 0.05) more time in the light side compared to chow controls (Fig. 9) .
Discussion
The goal of the current study was to determine the effects of bingelike feeding behavior, induced by extended intermittent access to a HFD, on alcohol consumption. From this effort, several significant findings emerged. First, intermittent access to HFD produced a caloric binge/ compensate pattern of feeding, without impacting body weight or body fat. Second, intermittent access to HFD attenuated the alcohol consumption, which was not due to overall hedonic deficits. Finally, intermittent HFD exposure induced increases in plasma ghrelin levels and anxiolytic behavior. Overall, these data suggest that binge-like intake of HFD attenuates alcohol consumption, potentially through modulating feeding peptides and anxiety-like behavior.
We and others have previously shown that intermittent access to HFD induces alternating bouts of caloric overconsumption and voluntary restriction, a hallmark of binge-like eating (Corwin and Babbs, 2012; Corwin and Buda-Levin, 2004; Davis et al., 2007) . Since the main goal of the present study was to evaluate the impact of binge-like feeding on alcohol intake, HFD in the present study was provided in an intermittent fashion. Notably, our feeding paradigm is distinct from ad libitum protocols that induce acute bouts of caloric overconsumption, which are not sustained and leads to increase in body weight. In our paradigm, rats display sustained bouts of hyperphagia (chow + HFD) but no body weight gain; therefore, our results are not confounded by the presence of an obese phenotype.
Previous studies assessing the impact of fat intake and alcohol consumption in rodents have obtained mixed and inconsistent results. Some observed high alcohol intake in fat-preferring rats, following high-fat diet exposure or injection of dietary lipids (Barson et al., 2009; Carrillo et al., 2004; Krahn and Gosnell, 1991) , while others reported no correlation (Prasad et al., 1993) or blunted alcohol intake (Takase et al., 2016) . However, to our knowledge, this is the first examination of alcohol intake following prolonged episodes of binge-like feeding of a nutritionally complete high-fat diet. It is important to note that several critical experimental variables could impact alcohol consumption following dietary manipulations. First, previous work Fig. 3 . Intermittent access to a nutritionally complete high-fat diet decreases alcohol consumption in male Long-Evans rats. Data represent mean (±sem) alcohol (20% v/v) consumption following intermittent access to a HFD and respective control groups. These testing occurred while rats were still maintained on intermittent HFD access, as outlined in the Fig. 1B . A) HFD group alcohol consumption was significantly attenuated compared to chow controls. **p b 0.01 main effect of HFD exposure. B) Mean (±sem) alcohol intake as a percent of the first day. **p b 0.01 main effect of HFD exposure. C) Mean (±sem) percent change in overall alcohol consumption. **p b 0.01, compared to control intake. D) A similar effect (i.e., attenuation in alcohol drinking) was also seen when testing occurred on Mondays, which was 72 h following the HFD exposure. **p b 0.01 main effect of HFD exposure E) Alcohol consumption was significantly attenuated 4-12 h following HFD access. *p b 0.05 compared to controls. There were no changes in the water (F) or total fluid consumption (G). However, alcohol/water ratio (H) was significantly increased in the Int-HFD access group. *p b 0.05 main effect of HFD exposure.
investigating alcohol intake following high-fat diet evaluated alcohol consumption once the dietary manipulation had been released (Krahn and Gosnell, 1991) . Notably, removal from intermittent sugar or fat access produces fundamentally different behavioral states (Avena et al., 2009) . Specifically, rats given intermittent access to sugar experience withdrawal-like symptoms (Avena, 2007) . In contrast, exposure to high-fat diet does not induce withdrawal-like symptoms in rodents (Bocarsly et al., 2011) . Importantly, rats exposed to a HFD in the present study displayed decreased anxiety-like behavior, the opposite of that reported during withdrawal from sugar or alcohol (Avena et al., 2009; Van Skike et al., 2015) . Furthermore, it is also critical to consider that observations of high-fat diet enhancing alcohol intake were made in rats that were selected based on their inherent propensity to consume high-fat diet (Krahn and Gosnell, 1991) . Thus, self-selecting rats that consume Fig. 4 . Impact of alcohol on patterned feeding in male Long-Evans rats. Mean (±sem) weekly food intake (kcal) from chow and HFD, A) before and B) during alcohol exposure. These testing occurred while rats were still maintained on intermittent HFD access, as outlined in the Fig. 1B . Rats receiving intermittent HFD access, displayed significant caloric overconsumption of HFD and voluntary caloric restriction of chow following HFD exposure days, respectively before and during alcohol exposure. ***p b 0.000 a significant interaction effect. C) Mean (±sem) 24 h food intake was significantly decreased on HFD access days in both chow and Int-HFD groups during alcohol drinking sessions compared to before alcohol drinking, D) an effect not observed on chow access days. ***p b 0.000 a significant main effect of diet exposure. κp b 0.05 compared to the before alcohol session intake in the respective group. Fig. 5 . Alcohol intake and blood alcohol concentration following intermittent access to a nutritionally complete high-fat diet in male Long-Evans rats. Data represent mean (±sem) alcohol intake and blood alcohol concentration (BAC). These testing occurred while rats were still maintained on intermittent HFD access, as outlined in the Fig. 1B . A) Alcohol consumption was significantly attenuated in the HFD group compared to chow control. **p b 0.01 significantly different from chow controls. B) No change in blood alcohol levels was observed between groups when measured at the end of alcohol drinking session. elevated levels of high-fat diet could have isolated a phenotype genetically prone to consume more calories or rewards per se, independent of the source (i.e. from food or alcohol). Interestingly, clinical data suggest a bidirectional positive relationship between alcohol and energy-rich foods. High alcohol intake has been shown to be associated with higher intake of calorie-rich foods (e.g., animal products, cheese, bread and potatoes etc.) and reduced consumption of low-calorie foods (e.g., fruits and vegetables) (Herbeth et al., 1988; Kesse et al., 2001; Männistö et al., 1997) . In our studies, we did not self-select rats based on diet consumption. Furthermore, it has been suggested that the length and exposure history of a calorie-rich food can have fundamentally different behavioral outcomes (Krishna et al., 2016; Tracy et al., 2015) . For example, short-term access to a palatable food has been shown to induce anxiolytic behavior and increase in food motivation, whereas increase in anxiety-like behavior and decrease in food motivation has been reported following chronic HFD exposure in rodents (Davis et al., 2008; la Fleur et al., 2007; Sharma et al., 2012; Ulrich-Lai et al., 2010) . In addition, chronic unlimited availability of HFD induces obesity, anhedonia and increase in anxiety-like behavior which were absent in the current study following chronic but intermittent availability of HFD. It is important to consider that HFD in the present study was provided in an intermittent fashion and behavioral changes induced by binge-like intake of palatable foods are absent when the same food is consumed in a non-binge manner (Corwin and Babbs, 2012) . Therefore, it would be interesting to evaluate if the HFD alone and/or its intermittent availability are responsible for the observed effects on alcohol intake. Overall, multiple factors appear to govern the effects of food intake on behavioral processes that could regulate alcohol consumption and further studies are needed to explore these important links. Nevertheless, the present study has identified a feeding paradigm, which attenuated alcohol drinking without impacting body weight or fat content, and could have important clinical implications. Fig. 6 . Intermittent access to a nutritionally complete high-fat diet does not affect sucrose consumption in male Long-Evans rats. Data represent mean (±sem) sucrose (2.0% w/v) intake from HFD and respective control groups following intermittent access to HFD. These testing occurred while rats were still maintained on intermittent HFD access, as outlined in the Fig. 1B . Fig. 7 . Plasma glucagon-like peptide-1 and acyl-ghrelin concentration during alcohol drinking session in male Long-Evans rats following intermittent access to a nutritionally complete high-fat diet. Data represent mean (±sem) A) glucagon-like peptide-1 (GLP-1) and B) acyl-ghrelin concentration in plasma. These testing occurred while rats were still maintained on intermittent HFD access, as outlined in the Fig. 1B . Plasma acyl-ghrelin concentration was found elevated during alcohol drinking session following intermittent access to a HFD compared to chow controls, whereas no differences in GLP-1 levels were observed between groups. *p b 0.05 main effect of HFD exposure.
It is important to note that rats in the Int-HFD group received alcohol exposure at a time in which they were voluntarily restricting their chow/cal intake. Under these conditions, we measured alcohol consumption at multiple time points following initiation of alcohol exposure to determine if caloric overload or hedonic deficits following HFD exposure may have played a role in the observed decreased alcohol intake. Previous studies using similar intermittent two-bottle access paradigm have shown that rats would consume~20-30% of total 24 h session ethanol amount within first 30 min of access (Carnicella et al., 2014; Simms et al., 2008) . Unfortunately, we did not measure alcohol intake within 30 min, however control rats in the present study consumed~20% of total 24 h alcohol amount within 2 h following alcohol access, which is consistent with the overall observation. Interestingly, intermittent HFD exposure did not influence initiation of drinking but rather maintenance once drinking had ensued. Int-HFD rats consumed equivalent amounts of alcohol for the first 4 h of alcohol presentation, whereas a decrease in alcohol consumption was observed over the next 8 h relative to controls (Fig. 3E) . These data suggest post-ingestive processes that occur secondary to alcohol ingestion may control HFD effect on alcohol intake. If HFD exposure altered taste perception, we would have expected to observe decrease in alcohol intake at acute time points (i.e., over first 4 h). Thus, the observation of decreased alcohol intake over the 4-12 h time frame rules out the possibility of altered taste perception.
In addition, no significant changes were observed in water or total fluid consumption between groups at any time when alcohol or sugar drinking was evaluated. However, an attenuated alcohol preference was observed in the Int-HFD group as evidenced by decreased alcohol/water ratio in Int-HFD group during alcohol drinking sessions (Fig. 3H) . We made an equally interesting observation that alcohol exposure reduced 24 h food intake in both chow and Int-HFD groups on HFD access days (Fig. 4C) . It is important to note that alcohol testing occurred when all rats had chow access only (Fig. 1B) and alcohol drinking and HFD exposure occurred on alternating days during alcohol drinking sessions. This raises the possibility that decreased 24 h food intake could be a result of acute alcohol exposure. Alcohol can exert multiple and complex effects on appetite and energy balance. While moderate alcohol intake may lead to short-term increase in food consumption acutely, opposite effects have been observed following chronic consumption (Christiansen et al., 2016; Kokavec, 2008; Yeomans, 2010; Yeomans et al., 2003) . However, we observed decrease, instead of increase, in food intake on HFD access days only. It is pertinent to mention here that rats in the Int-HFD displayed voluntary caloric restriction following HFD access days, which could be a result of caloric overconsumption or an attempt to selectively feed from the palatable diet. Considering the latter point, it is possible that food restriction on non-alcohol drinking days during alcohol testing (Fig. 4C ) occurred because of anticipation of alcohol reward on the next day, an effect observed in both groups. Although, restraining calories, rats in the Int-HFD access groups still consumed significantly higher calories on HFD access days, which could have contributed to reduced alcohol intake compared to chow controls. Interestingly, excess alcohol consumption/preference has been associated with poor adherence to dietary guidelines and dietary-restraint, which may promote problematic drinking behavior (Valencia-Martín et al., 2011; Yeomans et al., 2003) and may contribute to eating disorders and AUDs co-morbidity. Therefore, data obtained from this study might have important clinical implications to curb problematic alcohol intake. In this regard, blood alcohol concentration did not differ between treatment groups indicating that HFD exposure did not alter the metabolism of alcohol or its absorption within the gastrointestinal (GI) tract (Fig. 5B) .
GI peptides regulate the intake and reinforcing properties of food and alcohol by acting within the brain reward circuitry (Egecioglu et al., 2013; Shirazi et al., 2013; Vadnie et al., 2014) . Specifically, previous reports from our lab and others, indicate that GLP-1 and ghrelin are capable of influencing alcohol intake (Davis et al., 2012; Leggio et al., 2012; Shirazi et al., 2013) . GLP-1, a hormone produced in the GI tract and brain, is stimulated by nutrients intake (Perfetti and Merkel, 2000) , and decreases palatable food (Alhadeff et al., 2012; Dickson et al., 2012) and alcohol intake in rodents (Davis et al., 2012; Shirazi et al., 2013) . However, we did not detect differences in plasma GLP-1 between groups (Fig. 7A) .
In contrast to GLP-1, ghrelin is a gut-derived peptide that stimulates feeding in rodents and humans (Kanoski et al., 2013; Skibicka et al., 2011; Tschöp et al., 2001) . Ghrelin is also elevated in abstinent alcoholics (Leggio et al., 2012) and exogenous ghrelin stimulates alcohol craving in patients and rodents (Jerlhag et al., 2009; Leggio et al., 2012) . In relation to alcohol intake, the majority of data collected so far indicate a positive relationship between ghrelin and alcohol intake (Jerlhag et al., 2009; Leggio et al., 2014; Vadnie et al., 2014) . Interestingly, rats in the HFD exposure group displayed significantly elevated basal levels of acyl-ghrelin (Fig. 7B) , the active form of ghrelin (Kirchner et al., 2009) , even though they consumed less alcohol. In fact, this surprising finding is in agreement with a recent report, which indicates that activity of the central ghrelin receptor (GHSR) but not increases in circulating ghrelin, stimulates alcohol intake in rodents (Jerlhag et al., 2014) . It is possible that decreased GHSR signaling may underlie the decreased alcohol intake observed following HFD exposure. Thus, we measured GHSR gene expression in the ventral striatum in brain collected from control and Int-HFD rats. However, no significant changes were Fig. 8 . Impact of intermittent access to a nutritionally complete high-fat diet on central GHSR gene expression in male Long-Evans rats. Mean (±sem) fold change in the mRNA expression level compared to reference gene is presented. No significant changes were observed in the striatal GHSR gene expression following intermittent access to HFD. Fig. 9 . Impact of Intermittent access to a nutritionally complete high-fat diet on anxietylike behavior in male Long-Evans rats. Data represent mean (±sem) time spent in the light side following intermittent access to HFD. Intermittent HFD exposure induced anxiolytic effects as rats in the HFD group spent significantly more time in the light side compared to chow controls. *p b 0.05 significantly different from chow controls. These testing occurred while rats were still maintained on intermittent HFD access, as outlined in the Fig. 1B. observed between groups (Fig. 8) . Therefore, the observed elevations of acyl-ghrelin do not seem to impact GHSR expression levels in brain regions linked to hedonic processes that regulate alcohol consumption. However, given the high degree of constitutive activity displayed by GHSR (Holst et al., 2003) , it is possible that a decrease in receptor sensitivity may explain reduced alcohol intake secondary to HFD exposure, a future direction for studies of this type.
Typically, ghrelin levels increase during fasting and fall after nutrient exposure (Cummings, 2006; le Roux et al., 2005) raising the possibility that the increased acyl-ghrelin levels may reflect voluntary restriction from chow that occurred following HFD exposure. Importantly, our measurement of acyl-ghrelin occurred around the time when both groups had consumed approximately equal number of calories (Fig. 2D) . Therefore, it is unlikely that increased acyl-ghrelin we observed was due to nutrient restriction. An alternative explanation is that acyl-ghrelin levels are elevated in plasma to prepare Int-HFD rats for the large caloric load they consume during HFD exposure periods. Relevant to this topic, recent clinical work indicates that alcohol consumption reduces ghrelin levels induced by fasting in patients that are social drinkers (Leggio et al., 2013) . When we detected increases in acyl-ghrelin, chow rats had consumed nearly twice as much alcohol as Int-HFD rats (Fig. 3E) . Therefore, the possibility exists that differences in alcohol intake may have reduced acyl-ghrelin to a greater degree in chow rats than Int-HFD rats resulting in the observed differences in acyl-ghrelin levels.
The increased plasma ghrelin we observed could be related to the decreased anxiety-like behavior we detected after HFD exposure. Prior reports indicate that ghrelin reduces activity of the hypothalamic-pituitary-adrenal (HPA) axis (Spencer et al., 2015 (Spencer et al., , 2012 , thereby reducing psychological stress. Moreover, mice that lack the ghrelin receptor display exaggerated behavioral responses to stress, and exogenous ghrelin application in mice reduces the depressive-like behavioral symptoms observed after chronic stress (Lutter et al., 2008) . Thus, the increased acyl-ghrelin after intermittent HFD exposure could explain reduced anxiety in the Int-HFD group. Importantly, sensitivity to anxiety is considered as a risk-factor for the development of AUD (DeMartini and Carey, 2011; Schmidt et al., 2007) and a positive association has been reported between anxiety-like behavior and ethanol consumption (Izídio and Ramos, 2007) . In the present study, intermittent HFD exposure induced an anxiolytic behavior (Fig. 9) . Interestingly, recent studies demonstrate that short-term access to palatable foods decrease activity of the central stress response and induce anxiolytic behavior (Mizunoya et al., 2013; Ulrich-Lai et al., 2010) . These data are in agreement with a recent report from our lab in which we have shown that a similar short-term HFD exposure induced anxiolytic effects, independent of reduced alcohol drinking (Sirohi et al., 2016) . It is important to note that the intermittent access to HFD did not alter body weight or body fat in the present study, which signifies that palatable food intake, without confounds present in the context of obesity, induces an anxiolytic state.
Conclusion
In summary, the present data indicate that dietary influences on alcohol consumption are complex, unequivocal, dependent upon the particular macronutrient in question, and presence or absence of the dietary intervention when evaluating alcohol intake. Our data suggest that binge-like intake of high-fat diet that includes alternation between voluntary nutrient restriction and caloric overconsumption decreases alcohol intake; an effect unexplained by flux in GI peptides or decrease in overall hedonic state. Instead, anxiolytic effects, a process controlled by GI peptides, could be integral for the decrease of alcohol intake following binge-like feeding behavior. As we are just beginning to understand how brain integrates metabolic information to control alcohol intake, studies of this type provide fundamental insights that can help explain how feeding behavior can influence processes that contribute to development of AUD.
